Abstract. Spatial and temporal scales are important for understanding habitat associations because organisms have neither unbounded mobility nor perfect knowledge of their environment, but still must make decisions on where to seek food, shelter, and mates. Semi-aquatic turtles exemplify the need to evaluate potential habitat characteristics at a range of scales, because their ectothermy makes these animals particularly sensitive to local environmental conditions, yet their limited mobility spatially constrains selection of microsites. Microsite choice may also be sensitive to larger geographic context. We explored site occupancy and abundance of western pond turtles (Actinemys [Emys] marmorata) as a function of environmental variables over a range of spatial scales up to that of the entire watershed. We modeled occupancy at ponds and abundance at river sites using data from surveys conducted at 50 ponds and 58 river locations throughout the South Umpqua, Umpqua, and North Umpqua watersheds in western Oregon, USA in 1999-2000. The South Umpqua supported the greatest abundance of western pond turtles in rivers and the highest rates of occupancy in ponds. No turtles were detected in rivers of the North Umpqua, and only low numbers were detected in ponds in that watershed. Increasing amount of potential relative solar radiation was associated with increased probability of pond occupancy, particularly in the North Umpqua watershed. Pond turtle abundance in rivers increased with increasing distance to nearest pond, decreasing area of nearby ponds, and increasing area of nearby wetland habitat of all types, particularly in the Klamath Mountain and Coast Range physiographic provinces, which dominate the South Umpqua and Umpqua watersheds, respectively. Western pond-turtle occupancy and abundance varied with both broadscale and fine-scale habitat features, not solely to the fine-scale features that are most often measured.
INTRODUCTION
Scale is recognized as an important issue in ecological studies because different patterns may be observed at different levels of resolution through both space and time (Senft et al. 1987 , Wiens 1989 , Schneider 2001 ). At a very broad level, a species is bound by its geographic range, and individuals of that species are limited within their range ultimately by their dispersal capacity. Individuals make a series of hierarchical decisions by first selecting a home range, then selecting habitat within that home range (Johnson 1980) . Further, available habitat is likely to be spatially and temporally nested, such that habitat available at short time scales is constrained by decisions made over larger spatial scales and longer time frames (Rettie and Messier 2000, Mayor et al. 2009 ).
Understanding the hierarchy of temporal and spatial scales at which an organism must make decisions requires consideration of its life history, sensory abilities and perception, physiological limitations, and movement capabilities. Most studies of resource selection that have examined multiple spatial or temporal scales have involved either large, mobile terrestrial animals such as ungulates (Boyce et al. 2003 , Anderson et al. 2005 , Dussault et al. 2005 , Godvik et al. 2009 ) or smaller but even more vagile organisms such as birds (Martin 1998 , Becker and Beissinger 2003 , Cushman and McGarigal 2004 . These animals might reasonably be expected to sample a large extent of habitat before selecting home ranges, or features within them, and to move throughout their home ranges with relative ease.
Habitat use by less vagile ectothermic organisms such as turtles may be far more constrained on short time frames by choices made at larger temporal and spatial scales. The slow, cumbersome movements of semi-aquatic turtles over land may force individuals to select among lessthan-optimal habitat conditions in the short term to better meet habitat requirements over the course of the season or year, or to optimize one requirement temporarily at the expense of another (Compton et al. 2002) . Ectotherms must regulate their body temperatures behaviorally so they can forage, avoid predators, and assimilate their food (Huey 1991) . Ectothermy therefore further restricts suitable habitat conditions to those where appropriate body temperatures can be maintained. Constraints imposed by larger-scale landscape characteristics may exist to an even greater extent for species such as semi-aquatic turtles, especially for those whose life history is complex and requires seasonal use of highly disparate aquatic and terrestrial habitats.
The difficulty of balancing physiological requirements at disparate temporal and spatial scales may be mediated by lack of specialization in specific habitat such that suitable conditions, particularly thermal conditions in the case of ectotherms such as reptiles, can be more easily found (Harvey and Weatherhead 2006 , Rasmussen and Litzgus 2010 , Paterson et al. 2012 . A greater degree of flexibility in use of microhabitat characteristics could also lessen the constraints imposed by limited mobility in a changing environment. This would be particularly important in an organism with limited movement capacity whose life history requires it to use very different habitat elements throughout its life cycle. Therefore, we predict that patterns of occupancy and abundance will be functions of geographic characteristics at both larger and finer spatial scales. Consideration of only fine-scale features in explaining occupancy or abundance could overlook patterns created by the driving factors that are ultimately responsible for the distribution of animals on the landscape (Orians and Wittenberger 1991, Ciarniello et al. 2007 ). Further, fine-scale patterns may be dependent on the larger geographic context.
The semi-aquatic western or Pacific pond turtle, Actinemys [Emys] marmorata (Iverson et al. 2017) , typifies an organism with limited mobility whose habitat requirements vary dramatically throughout its life cycle. Western pond turtles use both terrestrial and aquatic environments on a seasonal basis (Rathbun et al. 2002 , Ultsch 2006 , Bury and Germano 2008 ). They inhabit a wide variety of both permanent and ephemeral aquatic habitats, including ponds, lakes, reservoirs, irrigation ditches, sloughs, streams, and rivers (reviewed in Ernst and Lovich 2009) and occur in highly modified environments such as sewage ponds (Germano 2010) . Features such as emergent basking sites, muddy substrate, undercut banks, and woody debris are frequently present where western pond turtles are found, and the turtles will bask on a wide variety of structures Welch 1998a, b, Ernst and Lovich 2009 ). However, larger-scale geographic factors that may be contributing to the pattern of distribution over such a wide range of aquatic habitats are not well understood.
The terrestrial surroundings of aquatic habitat may be particularly important to western pond turtles because they nest on land, and unlike most other North American semi-aquatic turtle species, often overwinter in terrestrial locations as well as underwater (Rathbun et al. 2002 , Ultsch 2006 , Bury and Germano 2008 . Western pond turtles may also resort to terrestrial refugia to estivate during drought conditions (Rathbun et al. 2002 , Pilliod et al. 2013 ). In addition, based on limited data from Oregon, hatchling western pond turtles typically overwinter in their nests before first moving to water in the spring (Holte 1998, Rosenberg and Swift 2013) . If terrestrial overwintering sites are used, western pond turtles may spend up to 10 months a year out of water (Ultsch 2006, Ernst and Lovich 2009) .
Although western pond turtles frequently remain within 500 m of water (Rathbun et al. 1992 , Reese and Welsh 1997 , Lucas 2007 , Pilliod et al. 2013 , they are capable of traveling up to 2 km over land (Bury 1972 , Ryan 2001 , Bury and Germano 2008 . Within aquatic habitats, western pond turtles have been observed to move up to 3 km a day (Bury 1979) or 7 km in the course of a season (Rathbun et al. 2002) . However, such long-distance movements are typically made only during specific stages of the turtles' life cycle such as during nesting season or when searching for overwintering locations. Movements are typically <3 km on an annual basis (Bury 1972 , Ryan 2001 , Bury and Germano 2008 . Over the course of their lifespans, however, individual turtles could sample and likely remember habitat conditions over a broad geographic scale, even if they are quite sedentary for much of their annual life cycle.
Although much work has described microhabitat use in this species such as for basking Goodman 1996, Lambert et al. 2013) , nesting (Rathbun et al. 1992 , 2002 , Holte 1998 , Lucas 2007 , terrestrial habitat use by hatchlings Welsh 1997, Rosenberg and Swift 2013) , and overwintering and estivation (Reese and Welsh 1997 , Ryan 2001 , Rathbun et al. 2002 , Pilliod et al. 2013 , little work has explored the potential for larger-scale, landscape features to influence western pond turtle distributions (but see Compton et al. 2002, Marchand and Litvaitis 2004) . We analyzed data from two large-scale surveys for western pond turtles that used a probabilistic sampling design to identify habitat features associated with western pond turtle occurrence and abundance. We evaluated a combination of geographic attributes to characterize site occupancy and abundance at scales that incorporate all aspects of their life history. We ask whether the microsite scale of inquiry adequately describes western pond turtle distributions or whether a larger geographic context is also needed. We hypothesized that the lack of consistent, specific microsite associations of western pond turtles (Ernst and Lovich 2009 ) may be a consequence of factors operating on broader geographic scales and the limited mobility of this species. Therefore, landscape characteristics would be needed in addition to those measured at finer spatial scales to account for patterns of occupancy and abundance of western pond turtles within the landscape. Further, microsite associations may vary with larger landscapelevel context.
MATERIALS AND METHODS

Study area
The study area included much of the Umpqua River basin, southwest Oregon. The basin is 12,081 km 2 , and the elevation varies from sea level to 1827 m ( Table 1 ). The basin includes five physiographic provinces, three of which dominated the study area: Coast Range, Western Cascades, and Klamath Mountains (also called Siskiyou Mountain province, Wallick et al. 2011) . These provinces largely but incompletely overlap the river drainages (Fig. 1) . Anderson et al. (1998) , Verts and Carraway (1998), and Wallick et al. (2011) .
† Pseudotsuga menziesii. ‡ Tsuga heterophylla. § Pinus ponderosa. ¶ Alnus rubra. # Calocedrus decurrens.
Each province has different rainfall and temperature regimes, and the dominant vegetation and seasonality also vary ( Table 1 ). The Coast Range province is characterized by low mountains with steep slopes (Anderson et al. 1998, Verts and Carraway 1998) . The Klamath Mountains province includes the Klamath and Siskiyou mountains as well as western slopes of the Cascades. This region is marked by steep terrain with dendritic drainage patterns (Anderson et al. 1998) . The Western Cascades province is one of high mountains with steep slopes (Hughes et al. 1987) . These three provinces converge near the city of Roseburg (Fig. 1) .
The watersheds of the South Umpqua, Umpqua, and North Umpqua, which make up the Umpqua Basin, have strikingly different temperature and flow regimes. The North Umpqua, which is dominated by the Western Cascades province (Fig. 1) , is fed largely by groundwater and resulting spring complexes. Consequently, the North Umpqua River has the least variable flows throughout the year, with peak flows less than seven times those of the mean August flows (Wallick et al. 2011) . The geology underlying the South Umpqua River in the Klamath Mountains and Western Cascades provinces generates much more extreme river flows because it lacks extensive groundwater storage (Wallick et al. 2011) . The Umpqua River's peak flows are most influenced by winter storm events (Wallick et al. 2011) . The South Umpqua is split between the Klamath Mountains and Western Cascades provinces whereas the Coast Range province dominates the Umpqua River watershed (Fig. 1) . There are no dams on the mainstem Umpqua and South Umpqua Rivers. A small dam on the North Umpqua near Roseburg allows water to flow over the top such that the downstream water temperatures are not decreased from the dam. The North Umpqua River has eight hydroelectric installations on its upper reaches, but these do not strongly influence peak flows because their storage capacity is limited (Wallick et al. 2011) .
Site selection and survey methods
We considered waterways and bodies of water below 1524 m (5000 feet) elevation to be potential pond-turtle habitat within the Umpqua basin (Nussbaum et al. 1983) . Riverine surveys were conducted along 15 rivers and creeks (hereafter rivers) of the basin, spread throughout the three fourth-field watersheds (Umpqua, South Umpqua, and North Umpqua; Seaber et al. 1987) . River length was divided by 20 km to determine the number of sampling stations on each river. That number of survey stations was then randomly placed on the river's length. For example, if a river was 40 km long, two survey stations were randomly placed along the 40 km. Numbers of survey stations on any tributary varied from 1 to 11 for a total of 58 survey stations (Fig. 1) . The minimum distance between river survey stations was 600 m (Fig. 1) . Station locations were adjusted initially as needed either up or downstream to the closest viable alternative point that allowed access and maximized the amount of river visible. These locations were then maintained for all future surveys. No two survey stations fell within the same river reach or segment (see Site covariates below).
We selected ponds and reservoirs (hereafter ponds) from a comprehensive list of 226 ponds within the Umpqua Basin. The list was generated using US Geological Survey 7.5-min series topographic maps. We only included ponds viewable from public land and at least 0.2 ha in size. This was the smallest pond that was reliably depicted on maps and that could be easily located in the field. The final list of ponds to be included in the study was generated based on surrounding land use and habitat quality as described below. Ponds were randomly selected to represent four development-intensity categories and habitatquality scores (described below) in as balanced a manner as possible, as not all combinations of characteristics were represented. A total of 35 ponds were surveyed in 1999. Four of these ponds were dropped from further work because of access difficulties, such that only 31 of the original ponds were surveyed again in 2000. Additional ponds were selected randomly from the list of eligible ponds generated initially, and any nearby ponds that could be easily surveyed with minor additional logistical effort were also added to the survey list regardless of their surrounding land use or habitat-quality scores. This increased the total ponds surveyed in 2000 to 46. Survey stations for each pond were situated to maximize amount of water and shoreline visible and were maintained throughout the study. The minimum distance between study ponds was 800 m (Fig. 1) . Ponds ranged in size from 0.2 to 210 ha, with 9 larger than 10 ha.
Survey protocols remained constant throughout the study. All surveys were conducted by a single observer using binoculars. The observer scanned the visible aquatic areas every 3 min and recorded all newly detected turtles seen along with the time of the observation during the 35 min of the survey. Care was taken to avoid double-counting individuals. If a turtle returned to the water and a similarsized turtle appeared in the water or climbed out again in the same location within a few minutes, it was considered to be the same individual. Observer identity was not recorded, although several people collected data each year. Surveys were carried out between 08:00 and 14:00 h on partly sunny to sunny days during months when turtles were expected to be active. River surveys were conducted between 23 April 1999 and 1 October 1999. Pond surveys were carried out between 14 April 1999 and 22 September 1999 and 6 April 2000 to 19 September 2000. Four rounds of surveys were completed in 1999 for river stations and in each year for pond stations. Each round of surveys was completed at all pond or river survey stations before any were resurveyed, such that each round of surveys did not overlap in time. At least 1 week had elapsed before surveys were repeated at any particular station.
Data analysis
Site covariates.-We identified a set of covariates at a range of spatial scales that we hypothesized would affect turtle abundance. Many of these covariates were measures of characteristics within 500 or 1000 m of either rivers or ponds. River covariates were determined relative to either river segments (averaging 1400 m in length) as identified by the NORWEST database (http://www.fs.fed.us/rm/boise/AWAE/ projects/NorWeST.html) or the shorter stream reaches (averaging 140 m; Clarke et al. 2008) . For ponds, characteristics were measured at distances from pond edges. We gathered covariate data from a combination of GIS, maps, aerial photographs, and site visits.
GIS-generated covariates included physiographic province (http://spatialdata.oregonexplorer. info/geoportal/details;id=3e072de595134d36a0e1 c5b5e50907d3) and extent of aquatic habitat, which ❖ www.esajournals.orgincluded the area of all wetland types (hereafter wetlands) including riparian areas, and area of lentic wetlands (hereafter ponds) within 500 and 1000 m of the river reach and edge of pond based on the National Hydrography Dataset (https://vie wer.nationalmap.gov/basic/?basemap=b1&category= nhd&title=NHD%20View). We used the National Land Cover Class (http://www.mrlc.gov/nlcd 2011.php) to quantify potential human impact within 500 and 1000 m of the river segment or the perimeter of the pond. These included proportions of the landscape in developed areas and covered by forest. We also included the proportion of lands in private ownership, as conservation and management options can vary dramatically on private vs. public lands. We obtained mean elevation for ponds and river reaches, and distance to the nearest stream of any size for each pond. The mean index value of the potential relative solar radiation each pond or river reach receives was estimated using the method of Pierce et al. (2005) . This method estimates the amount of radiation a site would be expected to receive assuming skies are clear each hour of the day, summed over the growing season, into a unitless measure originally developed for use in vegetation community studies (Pierce et al. 2005) . It is based on landscape topography and includes the potential for land forms to shade sites. It does not account for possible shading by existing vegetation.
Additional reach-scale variables for river sites included distance to the nearest pond, average water depth, mean bank river width, mean valley width, and mean gradient along the reach (Clarke et al. 2008) . Distance to the edge of the nearest pond was computed using pond distribution data from the National Hydrography Dataset. We also included a composite variable assessing habitat suitability for coho salmon (Oncorhynchus kisutch) at the reach scale (Burnett et al. 2007) , under the hypothesis that western pond turtles would be associated with the lowflow, low-gradient reaches unconstrained by valley width that were associated with coho (Burnett et al. 2007) .
We used somewhat different covariates for the ponds. We estimated the proportion of potential nesting habitat within 500 m of the survey station based on aerial photographs at the time of the surveys. We defined nesting habitat as areas of low, sparse vegetation structure or bare ground (Reese and Welsh 1997 , Rathbun et al. 2002 , Ernst and Lovich 2009 . American bullfrogs (Lithobates catesbeianus) were scored as present or unknown for each pond based on observations taken during surveys. Bullfrogs are non-native predators of turtle hatchlings and have been hypothesized to have negative impacts on western pond turtles (Buskirk 2002) . Additional covariates included the following: pond depth (<4-5 m or greater) which was estimated based on the presence of emergent vegetation, local topography, and hydrological characteristics when available; size (<2 ha or ≥2 ha); basking site availability on a scale of <5 or ≥5 rocky outcrops or woody debris features; and basking quality on a five-point categorical scale that was weighted by the size of viewable area to control for area (for a midscale viewing area, 0 emergent basking sites, 1-2, 3-7, 8-14, ≥15). We created a composite variable for overall habitat quality for analysis, which was a four-point categorical scale based on summing each pond's rankings in the categories of pond size, depth, and basking features. Top ranking was given to small, shallow ponds with abundant basking sites. Large, deep bodies of water with few basking sites were lowest ranked.
We used aerial imagery to classify land use immediately surrounding each pond as agricultural, natural/forested, lightly developed, or heavily developed. The agricultural category included ponds that had grazing near or next to the pond's edge, received agricultural runoff, or whose immediate uplands were altered by farming activities. The light-development category included ponds that fell within city limits, were near permanent dwellings, or near major roads. Heavily developed ponds were classified as those with two or more of the light-development criteria. The category of natural/forested was assigned if the site was forested with no development nearby, with the exception of access roads that did not lead to developed areas or recreational sites and abandoned or uninhabited structures such as abandoned barns or sheds away from inhabited areas.
Finally, each pond was classified by watershed and physiographic province. The one pond that fell at the edge of the Willamette Valley province was reassigned to the Klamath province (Fig. 1 ).
There were some general differences in pond and river survey station characteristics among the watersheds (Fig. 2) . The Umpqua watershed's river survey stations were lower in elevation, occurred in broader sections of valley, and differed in topography overall from its northern and southern tributaries. The North Umpqua pond sites were surrounded by more forest within 500 m of the survey sites and the pond sites in the Umpqua watershed had less forest as an immediate land-use category. Similar patterns also existed by physiographic province (Fig. 3) . Ponds in the Klamath Mountain province, which falls primarily in the South Umpqua basin (Fig. 1) , were surrounded by less forest, more development, and more ponds and wetland nearby than focal ponds in other provinces. Despite these general differences, covariate characteristics of individual ponds and river survey sites broadly overlapped across physiographic provinces and watersheds.
Modeling.-We reduced the number of covariates considered in modeling river and pond habitat associations to avoid including highly correlated variables. We calculated correlation coefficients for each set of continuous covariates and coefficients of determination between categorical and continuous variables. We eliminated one covariate of any pair whose correlation was >0.6. We chose to retain the covariate that we felt was most directly related to habitat features used by turtles. Five river covariates (mean river width, depth, elevation, and gradient of the river reach, and wetlands within 500 m of the reach) were highly correlated. They described conditions that together suggest characteristics of topography affecting river current, to which turtles seem likely to respond. We therefore conducted a principal components analysis (PCA) with these five covariates using a correlation matrix (Tabachnick and Fidell 1989) . The gradient variable was log-transformed prior to analysis to better meet the assumption of normality. The first two PCA axes explained 85% of the variance of the original data and were used as covariates in subsequent analyses of the river data.
We then evaluated variance inflation factor scores for linear combinations of all variables and removed variables with scores >3.0 (Zuur et al. 2009 ). We evaluated relationships between continuous and categorical variables using a linear modeling approach to estimate correlations. We retained 10 covariates to model turtle abundance at river sites and 12 covariates to model turtle occupancy of ponds. We did not use watershed for river data because no turtles were ever detected during river surveys within the North Umpqua watershed. We centered and scaled all continuous variables following screening and prior to analysis.
River surveys had a maximum count of 14 western pond turtles, and turtles were never observed at many survey stations. We therefore modeled abundance using the zero-inflated Poisson distribution to model residual error within the Pcount fitting function in Unmarked (Fiske and Chandler 2011) . However, because of the extreme skew in the count data created by very large numbers of turtles in just two ponds (Fig. 3) , we modeled pond-turtle occupancy of ponds rather than abundance using the occu fitting function in the Unmarked package in R (R Version 3. We first combined all covariates into global models for river and pond data, respectively. We used Akaike's information criterion (AIC, Burnham and Anderson 2002) to select the covariates for estimating detection probability based on the global model because we had a very limited model set that included non-nested models. We modeled detection probability by (1) comparing week of survey based on the Julian calendar, which captured the well-described seasonal change in detection in semi-aquatic turtles (Litzgus and Brooks 2000, Grayson and Dorcas 2004) , (2) constant detection probability, and (3) for the pond data, year of survey because surveys were conducted over 2 yr. We also examined week of survey and year in the same detection model for the pond data.
We had no basis for restricting the set of possible candidate models based on the variables we were examining, as we surmised that all of the variables we examined had a biological rationale for inclusion. This left us with hundreds of possible candidate models in the absence of specific hypotheses regarding the variables and potential models. Further, our intent was to explore whether variables encompassing a variety of spatial scales adequately described pond turtle abundance and distribution better than smallscale variables alone. Therefore, we performed our exploratory analysis using a stepwise elimination and substitution strategy starting with the global model to evaluate independent variables in models of western pond turtle presence and abundance (Steidl 2006 (Steidl , 2007 . The global river model contained the variables distance to nearest pond, coho suitability index, mean valley width of the river reach, pond area within 500 m of the reach, mean elevation of the reach, area of all wetland types within 1000 m of the reach, mean potential relative solar radiation, proportion of forest and development within 500 m of the river segment, and the scores for the first PCA axis of reach log gradient, river depth, and river width of the river reach. For ponds, the global model included total habitat quality, bullfrog presence, pond condition, nesting habitat within 500 m of the pond edge, pond elevation, mean potential relative solar radiation, area of lentic wetlands within 500 m, area of all wetlands within 1000 m, proportion of developed land within 500 m, distance to nearest stream, physiographic province, and watershed. We also included interaction terms between watershed and solar radiation, land use and solar radiation, and watershed and land use one at a time in the global pond model. We hypothesized that the impact of solar radiation would vary by watershed because of broad differences in topography in each watershed, such that it would be more important in the steeper mountainous areas. We also hypothesized that the effects of solar radiation would interact with adjacent land use, such that although forested sites might have less solar radiation, their relative lack of human activity would make such ponds more attractive to turtles than ponds with greater solar radiation but surrounded by development. Finally, we hypothesized that the impact of land use on turtles would vary among watersheds, such that watersheds with greater levels of development would lead to habituation to human activity and thus otherwise suitable ponds would still be used by turtles.
We used a multi-step approach in building models to provide greater assurance that we were not excluding predictive habitat covariates from consideration. We first examined the parameter estimates for the global model and dropped all variables whose estimates were not significantly different from zero at P ≤ 0.1 to create a reduced model. We selected this criterion for greater assurance that covariates would not be excluded from consideration as a result of the sparse data. We then added the dropped variables back individually to the reduced model and built a second model that included all of the first set of retained covariates and any of the variables that were significant when added to the first set of retained covariates. This second model's covariates were again examined for nonzero parameter estimates, and covariates that did not meet this criterion were dropped. We ran the final habitat covariate model a second time with each of the detection covariate models and compared them using AIC to confirm the initial selection of the detection probability model. Lastly, we examined parameter estimates and predictions generated from them for the final models and assessed model fit with parametric bootstrapping, using the parboot function in the Unmarked package in R.
RESULTS
We observed western pond turtles in 23 of 58 river survey stations and 26 of 50 ponds (Fig. 1) . No western pond turtles were observed at river sites in the North Umpqua watershed (Fig. 3) . Very few turtles were seen along rivers in the Western Cascades physiographic province, which largely covered the North Umpqua watershed. Western pond turtles were observed in ponds throughout all three watersheds and physiographic provinces (Figs. 1, 3) . However, far more individuals were seen in the South Umpqua watershed than in the other two (Fig. 4) . Two ponds consistently had much larger counts of western pond turtles than any other sites in the region, ranging from 15 to 76 for one pond and 26-84 for a second pond. Of the remaining 48 ponds, only four others had counts of >10 western pond turtles, and all maximum counts of these four ponds were <20.
Rivers
Counts of turtles declined with survey week at river locations. The detection covariate survey week was the most parsimonious and was therefore used in all subsequent models (Fig. 5a ). Detection probability was much lower at river locations than at ponds, however, and the decline in detection throughout the survey season was less pronounced (Fig. 5b) .
Physiographic province, distance to nearest pond, area of pond habitat within 500 m, and area of all wetland types within 1000 m of the river reach were significant in the global model ( Table 2) . None of the eliminated variables had parameter estimates different from 0 when added individually to this reduced model, and all four variables remained significant in the reduced model. The final model predicted that western pond turtle abundance in river sites increases with increasing distance to the nearest ponds and with the area of surrounding wetland habitat but decreases with increasing area of pond habitat (Fig. 6) . The effects were greatest in the Klamath Mountain and Coast Range Notes: The top model was identified by backwards elimination and substitution of factors in a regression model. Detection probability varied over the course of the survey season (see Fig. 5 ). The global model contained the parameters total habitat quality, known presence of bullfrogs, mean potential relative solar radiation †, elevation, surrounding land use, proportion of nesting habitat within 500 m, area of ponds within 500 m, area of wetland within 1000 m, distance to nearest stream, proportion of development within 500 m, physiographic province, and watershed. The North Umpqua Basin is the reference value for watershed.
† Mean potential relative solar radiation index value calculated using the methods of Pierce et al. (2005). provinces, which dominate the South Umpqua and Umpqua watershed, respectively (Fig. 1) . Turtles were predicted to be most abundant in the Klamath Mountain Province, and least abundant in the Western Cascades province (Fig. 6) .
Ponds
Detection probability at ponds was best modeled as a function that declined throughout the season (Fig. 5b) . Detection probability was greater at ponds than at river sites and declined more markedly as the season progressed (Fig. 5) . Initially, none of the interactions tested in the global model were significant, and the pond condition by watershed interaction could not be estimated. We therefore dropped the interaction terms. Without the interactions, total habitat quality, pond area within 500 m, and mean potential relative solar radiation were significant and formed the basis of the first reduced model. Of the remaining variables that were added back one at a time to this base model, watershed was also significant. When the other variables were added singly to the first reduced model, neither those variables nor total habitat quality were significant, leaving only mean potential relative solar radiation and area of pond habitat within 500 m. We thus reduced the model to pond habitat within 500 m and mean potential relative solar radiation. In that model, only mean potential relative solar radiation was significant. We added back each variable singly to the model with only mean potential relative solar radiation, and only watershed was significant in addition to solar radiation. Our final model therefore contained watershed and mean solar radiation (Table 3) to model occupancy with week of survey to model detection probability. Increases in solar radiation led to increases in the probability of pond occupancy by western pond turtles (Fig. 7a) . When solar radiation was held constant, ponds within the North Umpqua watershed had the highest predicted occupancy rates and the Umpqua watershed the least (Fig. 7b) .
DISCUSSION
Western pond turtles showed strong geographic patterns in their abundance among river sites and occupancy of ponds, which were not related to most fine-scale habitat characteristics frequently associated with semi-aquatic turtle habitat. Further, finer-scale patterns were best explained in the context of larger-scale geography. Western pond turtles were more abundant at river sites throughout the Umpqua basin that were farther from ponds and had less pond habitat nearby, although greater area of all wetland habitat types was associated with increased abundance. No turtles were observed on any river sites within the North Umpqua watershed, which is characterized by cold, spring-fed waters. Ponds were more likely to be occupied if they had greater solar exposure; potential relative radiation had the greatest influence on pond occupancy within the North Umpqua watershed.
Western pond turtles use a very broad range of aquatic habitats (reviewed in Ernst and Lovich 2009) . Such behavior may arise from the need to find suitable aquatic conditions adjacent to the upland habitat required by the species to complete its life cycle. The use of a disparate set of habitats by an animal with limited movement capacity (typically <3 km on an annual basis; Bury 1972 , Ryan 2001 , Bury and Germano 2008 leads to the expectation of flexibility in selection of specific habitat characteristics provided that physiological needs are met. This may be a factor behind the pattern of occurrence of western pond turtles in aquatic habitat within the Umpqua River basin, where larger-scale geographic patterns in addition to finer-scale site characteristics were descriptive of pond-turtle occupancy and abundance. Notes: The top model was identified by backwards elimination and substitution of factors in a regression model. Detection probability varied over the course of the survey season (see Fig. 5 ). The global model contained an index of coho salmon habitat suitability, mean valley width of the reach, distance to nearest pond, the amount of pond habitat within 500 m, the proportion of forested habitat within 500 m, the proportion of developed habitat within 500 m, the amount of wetland within 1000 m, potential relative solar radiation †, and principal components analysis scores for the first axis of the combination of reach gradient, depth, elevation, and mean river width along the river reach, and wetland area within 500 m of the reach. The Coast Range physiographic province is the baseline.
Although solar exposure and surrounding wetland features were predictive of occupancy and abundance within the context of watershed, many of the other characteristics at fine spatial scales were not retained in our modeling process. These included basking site availability and surrounding land use. This is consistent with earlier work on habitat selection in semi-aquatic turtles, where few fine-scale features were predictive of turtle occurrence (Compton et al. 2002 , Paterson et al. 2012 . A broad array of microhabitats was used by wood turtles (Graptemys insculpta) within areas with low canopy cover and that were near water. This was in contrast to the study's finding that home ranges were located within the watershed where canopy cover was moderate and there was little open water (Compton et al. 2002) . Similarly, snapping turtles (Chelydra serpentina) were found in all aquatic habitats in central Ontario, Canada. However, individual turtles were found to specialize in different wetland types (Paterson et al. 2012 ). This suggests that snapping turtles were able to find suitable conditions in a variety of habitats. Work with the semiaquatic painted turtle (Chrysemys picta) found that landscape context in the form of distance to nearest wetlands was correlated with habitat use (Bowne et al. 2006 , Cosentino et al. 2010 , but other features such as the amount of forest or road proximity were not (Bowne et al. 2006 , Attum et al. 2008 . A possible issue in identifying finer-scale patterns of habitat associations is the use of GIS-generated variables, which may not detect habitat characteristics relevant to the turtles (Compton et al. 2002 , Tingley et al. 2010 ). However, we also included covariates based on ground observations and aerial photographs, so that the lack of explanatory ability of most finerscale habitat covariates cannot be attributed solely to the methodology used to generate them. We did not attempt to quantify length of shoreline that might be used as basking sites, or floating mats of algae, which are also used by western pond turtles in the study region and elsewhere (R. B. Horn and J. A. Gervais, personal observation). The ability to bask on a variety of substrate types suggests that although turtles may prefer some fine-scale features over others, the absence of those preferred features may not prevent selection of a site provided that some opportunity to bask is present when the turtle's physiological status requires it, particularly if more preferred conditions are not readily available.
Basking is a crucial behavior in semi-aquatic turtles. Light intensity and daily solar radiation have been shown to influence basking in other turtle species (Boyer 1965 , Schwarzkopf and Brooks 1985 , Grayson and Dorcas 2004 , Edwards and Blouin-Demers 2007 . The need to gain body heat from the environment may be the driving factor behind the association of western pond turtles with ponds with greater relative solar radiation. It may also indirectly be a factor in the pattern of turtles occurring on river sites with less pond habitat nearby. If western pond turtles have relatively easy access to ponds or other wetlands, they may use those over river sites, particularly if nearby ponds are warming faster than the flowing waters of rivers and streams.
Human development surrounding ponds did not predict occupancy by western pond turtles. However, our definition of heavy development was based on the proximity of permanent dwellings and major roads, which may not have reflected human disturbance meaningful to turtles. Painted turtles were associated with greater road densities near ponds in New Hampshire, for example (Marchand and Litvaitis 2004) . Western pond turtles can live in urban environments (Spinks et al. 2003 , Germano 2010 , suggesting that this species can acclimate to some level of proximate human activity (but see Lambert et al. 2013) . We have observed basking western pond turtles in areas frequented by people, including in a pond in the middle of a busy park (R. B. Horn and J. A. Gervais, personal observation). It seems that individual pond turtles can habituate to some levels of human activity nearby at least in some circumstances. However, recreational disturbance has been identified as a cause of population declines in other turtle species (Garber and Burger 1995, Mitchell and Klemens 2000) , and semi-aquatic turtles can be highly sensitive to disturbance when basking and nesting (Moll 1974, Mitchell and Klemens 2000) . Further work to understand what types of disturbance may affect western pond turtles will aid in conservation efforts as human populations expand and urban conservation increases in importance for species persistence.
Bullfrog presence also was not predictive of pond occupancy. Our inability to confirm that bullfrogs were absent from ponds may have reduced the correct classification of this covariate, although if they were undetected, the bullfrogs were likely at low densities. Bullfrogs are known to prey on very small turtles (Haskell et al. 1996) , which is a life stage least important to population persistence in long-lived turtle species (Heppell 1998) . Whether this mortality factor is great enough to influence the population persistence of any semi-aquatic turtle species is unknown and worthy of further inquiry.
An important piece of the microsite puzzle that was poorly captured in our data was aquatic habitat characteristics, including water temperature. Detection probability declined as the warm season progressed, which was expected based on both pond turtle biology and research on other semi-aquatic turtle species because basking is less frequent as water temperatures increase (Grayson and Dorcas 2004 , Litzgus and Mousseau 2004 , Ernst and Lovich 2009 ) and turtles were only observed when basking. Water temperature has long been known to influence turtle behavior and growth (Boyer 1965, Reese and Welch 1998a) . In our study region, data collected incidentally to this study revealed that ponds and reservoirs with turtles had a mean temperature of 18.8°vs. 10.8°C for ponds and reservoirs that did not support turtles (R. B. Horn, unpublished data). Although temperature data for river sites supporting turtles are not available, other river sites had a mean water temperature of 13.4°C (R. B. Horn, unpublished data), well below that of the mean temperature for occupied ponds. The probability of detection was much greater at ponds than in river sites, and dropped off more dramatically as the season progressed. This may be strongly influenced by water temperature profiles.
Western pond turtles may move among water bodies as temperature differentials between water and air, and among bodies of water, change over the course of their active season. Water temperature data indicated that water temperatures peaked at different ponds in different months. Water temperatures taken incidentally to this study between June and September at ponds within the study region ranged from 10°to 26°C, with a change of 1-8°C at each individual pond. Similarly, river temperature data collected during turtle surveys between June and August ranged from 9°to 26°C, with a maximum difference at a single survey site of 9°C (R. B. Horn, unpublished data). Western pond turtles might therefore select a body of water based on the best of a series of options at a spatial scale that is available to them on a time scale of hours to several days. Obtaining thermal profiles of water bodies that capture fine-scale temperature differences within water bodies and how these profiles change through time will greatly enhance our understanding of habitat associations in semi-aquatic turtles and other aquatic species with behavioral thermoregulation.
Semi-aquatic turtles are known to make use of more than one wetland during their active season provided the distances among them are relatively short (Bowne et al. 2006 , Cosentino et al. 2010 . Our occupancy and abundance models assumed population closure (Royle and Nichols 2003, Royle 2004) . We cannot be certain that our surveys fully met the assumptions of closure, particularly when other wetlands were near some survey sites. However, allowing detection probability to vary through time helps correct for the potential bias introduced by nonrandom movements to or from a site (MacKenzie et al. 2006) . If individual turtles were counted at more than one survey location, estimated abundances and occupancy will be biased upwards (Rota et al. 2009 ). As we were interested in exploring geographic variables associated with western pond turtle presence and abundance, and because all covariates were constant over the time scale of the study, violations of this assumption should not greatly affect our results. Given that water temperatures are dynamic, the potential for individual turtles to move within a relatively small area in response to thermal characteristics needs to be considered not only to understand their biology, but to better estimate occupancy and abundance.
Our results make clear the need to consider a range of spatial and temporal scales in order to adequately understand what factors may be influencing the distribution and abundance of a species with limited mobility that requires a disparate series of habitats to complete its life cycle. Turtles may offer particularly interesting insights into how animals perceive scale, because their limited mobility may be offset by their substantial longevity and possibly the memory of the conditions they have encountered throughout their lives (Compton et al. 2002, Litzgus and Mousseau 2004) . More work to test the robustness of the patterns revealed in our exploratory analysis, and to understand potential processes behind the patterns we documented here, will be critical to developing a greater understanding of why western pond turtles occur where they do. assistance with data analysis. We thank the anonymous reviewers whose comments have greatly improved the manuscript. Funding for the analysis and manuscript preparation was largely provided by the Interagency Special Status Sensitive Species Program of the USDI Bureau of Land Management and the USDA Forest Service of Oregon and Washington.
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